Aims What happens in the early-elderly 'pretiree' period potentially influences the divergent paths of healthy or unhealthy ageing. In this cross-sectional study, we aimed to profile musculoskeletal health and lifestyle behaviours for men and women in their late-fifties and sixties. Methods and results For 482 participants from the Geelong Osteoporosis Study, we measured DXA-derived relative appendicular lean mass (rALM), bone mineral density (BMD) at the femoral neck and percentage body fat mass (%BF). Low-rALM and low-BMD referred to sex-specific T-scores<-1.0. Associations between exposures and low-rALM and/or low-BMD were explored using multivariable logistic regression. Three-quarters of participants had high %BF, 98(20.3%) had low-rALM, 202(41.9%) had low-BMD and 63(13.1%) had both low-rALM and low-BMD. Eight-two (17.0%) were very active and one-third participated in sports/recreational activities. Most [n=416(87.8%)] met the recommended daily intake (RDI) for protein; only 119(25.1%) met the RDI for calcium. Less than 10% smoked and one-third exceeded recommended alcohol intakes. Independent of age, weight and sex, greater %BF and sedentary behaviour increased the likelihood of low-rALM; high-alcohol consumption increased the likelihood of low-BMD; and greater %BF increased the likelihood of low-rALM and low-BMD combined. Conclusions One-half of participants had rALM and BMD in the normal range. Only a few were involved in resistance-training or weight-bearing exercise, despite having the capacity to be physically active. As sedentary lifestyles, excessive adiposity and high alcohol use were associated with low-rALM and/or low-BMD, we propose that these adverse factors be potential targets among pretirees to minimise their risk of entering old age with poor musculoskeletal health.
Introduction
Across the contemporary world, including Australia, the population is older than ever before, with growth in both the number and proportion of older people [1, 2] . Increased longevity affords the opportunity for the emergence of morbid conditions that markedly increase in prevalence and impact with advancing age. Disorders of the musculoskeletal system are exemplars, notably sarcopenia and osteoporosis, and these are poised to rise markedly as the population ages even more.
Age-related loss of skeletal muscle mass and impaired muscle function that characterise sarcopenia, frequently underpin a number of the key features of geriatric frailty, such as unintentional weight loss, weakness, exhaustion, gait disorders, poor balance and physical inactivity [3] , other adverse health outcomes such as disability, falls, cognitive decline and reduced survival times [4, 5] . Sarcopenia also may have additional detrimental effects on those noncommunicable disorders whose risks are reduced by exercise [6, 7] . Several mechanisms that contribute to the pathophysiology of sarcopenia include genetics, the cumulative effects of co-morbidities, hormonal changes and factors associated with lifestyle [4] . Also associated with ageing is a loss of bone mass and deterioration of bone quality that lead to osteoporosis, increased bone fragility and the likelihood of fracture.
There is cross-talk between muscle and bone tissue; the connections are more than just mechanical, and involve inflammatory, metabolic and endocrine interactions [8] . The co-occurrence of osteoporosis and sarcopenia (osteosarcopenia [9] ) exacerbates the harmful consequences of each disorder and predisposes individuals to increased risk of falls and subsequent fractures [9] [10] [11] and early mortality [12] .
Establishing and maintaining functional ability is a fundamental foundation for healthy ageing [1] . While the foundations for such a trajectory build across the life course, timely reinforcement of public health messages during the early-elderly period is likely to be beneficial before the onset of old age. We have previously described individuals in this early-elderly period as 'pretirees', as this group straddles work and retirement, and reported that being physically active during this period was associated with better quality of life [13] . Imprudent life choices and behaviour patterns in the pretiree stage of life can exacerbate considerable risks for unhealthy ageing, whereas optimising these factors can set the stage for a healthier trajectory into old age. Lifestyles geared to maintaining musculoskeletal health are important for slowing or preventing loss of functional ability and preserving autonomy.
As muscle and bone mass deficits are key factors in defining sarcopenia and osteoporosis, we aimed to describe the characteristics and health behaviours associated with low muscle mass and low bone mineral density (BMD) for participants of the Geelong Osteoporosis Study, aged 55-69 years.
Methods

Participants
This is a cross-sectional analysis of data collected as part of the prospective cohort study known as the Geelong Osteoporosis Study, which was designed to describe the epidemiology of osteoporosis in Australia and to identify risk factors for fracture [14] . At baseline, age-stratified samples of 1,540 men and 1,494 women were selected at random from electoral rolls for the Barwon Statistical Division in south-eastern Australia. Registration on the Australian electoral roll is compulsory, providing a comprehensive listing of the adult population. Since baseline, participants have been re-assessed every few years and the current analysis utilises data collected at the 5-year follow-up for men (2007) (2008) (2009) (2010) (2011) ) and the 15-year follow-up for women (2011) (2012) (2013) (2014) . Details of study design, participation and retention have been described elsewhere [14] . From a potential 742 participants (383 men and 359 women) assessed at baseline and who would have been in this analysis at follow-up, 27 (3.6%) had died (13 men, 14 women), 33 (4.4%) had left the region (13 men, 20 women), 48 (6.5%) had lost contact (27 men, 21 women), and 107 (14.4%) had declined (48 men, 59 women). A further 36 (4.9%) were excluded (17 men, 19 women) as they had not provided whole body and/or hip densitometry, leaving 491 (66.2%) eligible for this analysis (265 men, 226 women). There were no detectable differences between baseline characteristics for participants and non-participants at follow-up in terms of age, weight, height, adiposity, lean tissue mass or bone mineral density (BMD; Table  1 ). Written, informed consent was obtained from all participants. This study was approved by the Barwon Health Human Research Ethics Committee and has therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. 2 ). For this study, lowrALM was recognised as T-scores < -1.0 [15] . BMD measures of the femoral neck were used to identify low-BMD as T-score < -1.0 [16, 17] . The rALM and BMD T-score cut-points were drawn from data of our own cohort, as previously described [15] [16] [17] . We made the a priori decision to use T-scores < -1.0 for classifying rALM and BMD as low, rather than using lower cutpoints, in order to identify individuals with moderate deficits and at risk of progressing to more severe deficits. However, for descriptive and illustrative purposes, we have also identified participants in the lowest, mid and highest ranges of rALM (lowest T-score ≤ -2.0, mid T-score between -2.0 and -1.0 and highest T-score > -1.0) and BMD (lowest T-score < -2.5, mid Tscore between -2.5 and -1.0 and highest T-score > -1.0). Body fat mass was expressed as a percentage of body weight (%BF) and high %BF was defined as >25% for men and >35% for women. We used the timed up-&-go (TUG) test over a distance of 3m as a measure of balance and muscle performance [18] . Body weight and height were measured to the nearest 0. [19] . Participants provided information about mobility, sports and recreational activities, falls, diet and lifestyle via self-reported questionnaires. For this analysis, mobility was categorised for 265 men and 225 women as very active, active and sedentary (which included limited activity and inactivity; there were no participants who were chair/bed-ridden or bedfast). The descriptors provided in the question related to mobility were: very-active 'moves, walks and works energetically and participates in vigorous activity'; active 'walks at brisk pace, does normal housework or other work and engages in light exercise; sedentary 'walks reasonable distances, does light housework, shopping or equivalent, and normal activities of day-today living but no appreciable exercise'; limited 'little walking outside home, but prepares meals and does very light housework or equivalent'; inactive 'sits in chair or lies in bed most of the time, walks independently from bed to chair to toilet but requires assistance for greater movement'; chair or bed-ridden 'cannot walk from bed to chair to toilet without considerable assistance'; bedfast 'not able to walk' [14] . Sports and recreational activities were documented according to physical activity questionnaires [20, 21] . These activities were subsequently considered in analyses if the intensity was equivalent to middle level (such as racquet sports, bike-riding/cycling, dancing, swimming) with an average energy expenditure of 1.26 megajoules per hour (MJ)/hr), and/or high level (such as basketball, football, rowing) with an average energy expenditure of 1.76 MJ/hr [20] and sustained for at least 2 hr/week. Fallers were those who reported at least one fall during the previous 12 months. Food and alcohol intakes were documented for 257 men and 222 women via a food frequency questionnaire developed by the Cancer Council (Victoria) [22] . Age-appropriate recommended dietary intakes (RDIs) for calcium were 1,000 mg/d for men and 1,300 mg/d for women [23] and for protein, 64 g/d for men and 46 g/d for women [23] . Mean energy intake was expressed in megajoules per day MJ/d. Individual mean daily alcohol consumption was expressed in grams per day (g/d) and amounts exceeding 20 g/d were considered above recommended levels [24] . Participants reported how many cigarettes they had each day, and current smoking referred to at least one per day.
Statistics
Intergroup differences for continuous data were compared using Student's t-test for parametric data and Mann-Whitney test for non-parametric data, and the chi-square test was used for categorical data. We used histograms to visually appraise the distribution of the variables. Agreement between classification for concomitant deficits in rALM and BMD was tested using Cohen's kappa coefficient (κ). Best models for predicting low-rALM, low-BMD and a combination of low-rALM and low-BMD were identified using multivariable logistic regression techniques; backwards elimination employed p<0.05 in the decision to retain variables in models. All models were tested for effect modification. Analyses were performed using Minitab (version 17, Minitab, State College, PA, USA). Approximately one-half of participants reported involvement in recreational activities. The most popular activity for men was walking/bushwalking (n=57; 21.5%), followed by golf (n=50; 18.9%), bikeriding/cycling (n=19; 7.2%), lawn bowls (n=17; 6.4%), gym/weights (n=16; 6.0%), racquet sports (n=12; 4.5%), swimming (n=10; 3.8%), running/jogging (n=5; 1.9%); others included ten-pin bowling, sailing, kayaking, surfing, dancing, table tennis, indoor soccer, cricket and fishing. For women, the most common activities were walking (n=48; 21.2%) and gym/aerobics/yoga/Pilates (n=48; 21.2%), followed by golf (n=19; 8.4%), bike-riding/cycling (n=11; 4.9%), water aerobics (n=11; 4.9%), dancing (n=9; 4.0%), racquet sports (n=9; 4.0%), lawn/indoor bowls (n=7; 3.1%); others included running, sailing, swimming, dancing, badminton, netball, horseriding and fishing.
Results
Participant characteristics and lifestyle behaviours
Sports or recreational activities that were of middle and/or high intensity and performed for at least 2 hr/wk, were reported by 98 (20.0%) participants (52 (19.6%) men, 46 (20.4%) women). The proportion of individuals who participated in these actives was greater in the whole group with normal rALM compared to low-rALM; this pattern was observed in the sex-specific groups, but the difference was not significant for women. 
Musculoskeletal health
As shown in Table 2 , 51 (19.2%) men and 49 (21.7%) women had low-rALM, 74 (27.9%) men and 136 (60.2%) women had low-BMD; 25 (9.4%) men and 40 (15.1%) women had combined low-rALM and low-BMD (men κ 0.22, women κ 0.16). Compared to participants with normal-rALM, those with low-rALM weighed less and had a lower BMI and %BF; the pattern was similar for those with low-BMD vs normal-BMD, except that the difference in %BF for men was not significant. Men with low-rALM vs normal-rALM consumed less dietary protein and energy, but no such differences were detected for women. There were no differences found in dietary calcium intakes for low-BMD vs normal-BMD in either sex. Similarly, participants with combined low-rALM and low-BMD weighed less, had lower BMI and lower %BF (women only). There was a tendency for individuals with combined low-rALM and low-BMD to be older, but this difference was not significant. Figure 1 shows that, within the low-rALM group, four (1.5%) men and eight (3.5%) women had rALM T-scores < -2.0 and within the low-BMD group, four (1.5%) men and 15 (6.6%) women had BMD T-scores < -2.5. No men and four women had concomitant rALM T-score < -2.0 and BMD T-score < -2.5.
Multivariable regression models
Independent of age, weight and sex, greater %BF and sedentary behaviour increased the likelihood for low-rALM; high alcohol consumption (>20g/d) increased the likelihood for low-BMD; and greater %BF increased the likelihood for combined low-rALM and low-BMD, while involvement in sport/recreational activities of at middle-to-high intensity for at least 2 hr/wk were protective (Table 3) . No other factors contributed to the models and no effect modifiers were identified. Prevalence of individuals in the lowest, mid and highest ranges of rALM (lowest T-score ≤ -2.0, mid T-score between -2.0 and -1.0, and highest T-score > -1.0); and BMD (lowest T-score < -2.5, mid T-score between -2.5 and -1.0, and highest T-score > -1.0).
Data are shown for (a) all participants, (b) men, and (c) women.
Table 3
Multivariable logistic regression models showing best predictors for low relative appendicular lean mass (low-rALM), low bone mineral density (low-BMD) and combined low-rALM and low-BMD. 
Discussion
Adiposity, high alcohol intakes and physical inactivity were identified as modifiable factors associated with increased likelihood for poor musculoskeletal health. Only one-half of the participants assessed in this study had both lean mass and bone mass in the normal range (T-scores > -1). Thus, this early-elderly age group as a whole would likely benefit from adopting lifestyle behaviours that might reduce the likelihood of progressing to sarcopenia and/or osteoporosis.
Skeletal muscle mass is determined by the number and size of muscle fibres. Most adults reach peak muscle mass in the fifth age-decade followed by a marked age-related decline in muscle mass and strength [15, 25] , mainly as a consequence of muscle fibre loss and weakening of residual fibres [26] .
Similarly, an age-related decline in BMD occurs from the third or fourth decade of life [16, 17] . This is a consequence of cortical bone loss which begins in midlife for women and later for men, and trabecular bone loss which begins during younger adulthood in both sexes and continues with advancing age, with accelerated loss in women during menopause [27] .
Biological ageing is characterised by persistent oxidative stress and low-grade inflammation, which involves redox disturbance and the release of inflammatory cytokines/chemokines [28] [29] [30] [31] . In ageing men and women, waning productions of estrogens and androgens reduce defences against oxidative stress. Ageing muscle cells also produce more reactive oxygen species (ROS) [32] and become less efficient at maintaining homeostasis, so excess ROS accumulates, contributing to muscle cell death. Excess ROS also disrupts bone metabolism by affecting osteoclasts, osteoblasts and osteocytes, thereby uncoupling bone turnover and contributing to bone loss [31, 33] . Many health behaviours that promote healthy ageing, such as habitual physical activity, good nutrition, avoidance of smoking and limitation of alcohol consumption, work through increasing anti-oxidant defences, minimising ROS and restoring redox balance, and shifting away from a pro-inflammatory and towards an antiinflammatory state.
There is evidence to suggest that appropriate nutrition and exercise provide anabolic stimuli for skeletal muscle, offsetting the rate of muscle protein synthesis in comparison with breakdown. Low protein intakes were not common among participants in our study, as almost 90% of participants met or exceeded the sex-specific RDIs for Australia. This is a positive finding, because among participants of the Health, Aging, and Body Composition study in the USA, aged in their seventies, those in the highest quintile of protein intake, compared with the lowest quintile, lost approximately 40% less lean mass and appendicular lean mass over a three-year period [34] . Similarly, in a study of 2,726 men and women aged 65 years and older from Hong Kong, participants in the highest quartile of vegetable protein intake lost less appendicular skeletal muscle mass over four years than those in the lowest quartile [35] . The authors noted that no differences in the decline of muscle mass or indices of physical performance were observed when total or animal protein intakes were considered, so whether high vegetable protein intakes are a proxy for diet quality or suggest a direct effect, remains unclear. In our study, men with lower-rALM had a lower median protein intake but no difference was detected for women. Moreover, having protein intakes above the RDI did not contribute to the multivariable model for low-rALM or combined low-rALM and low-BMD and perhaps this is because only about one-tenth of our participants had protein intakes below the RDI. There is also extant evidence that fish oil-derived omega-3 fatty acids slow the decline in muscle mass and function in older adults [36] , and that low vitamin D [37] , cigarette smoking [38] and high alcohol consumption [39] exacerbate skeletal muscle deterioration. What is unclear if these factors operate directly or are indicative of lifestyle behaviours or of social or economic determinants of health.
Public health messages for building and maintaining healthy bones also stress the importance of appropriate exercise, a healthy diet that includes sufficient dietary calcium, adequate vitamin D nutrition, avoiding tobacco smoking and limiting alcohol intakes [40] . The majority of our participants had calcium intakes below the RDI, but we did not detect an association between calcium intakes and BMD. There is also evidence that high dietary intakes of protein are positively associated with BMD, despite the opposing effects of protein-related acid load on urinary excretion of calcium [41] . We did not observe an association between protein intakes and BMD in our study.
Resistance training improves muscle strength and power, and induces skeletal muscle hypertrophy. In young adults, within two hours of acute highintensity resistance exercise, increases have been observed in leg muscle protein synthesis of 52% in men and 47% in women [42] . In older individuals in their mid-sixties, a three days per week resistance training program over a 16-week period resulted in a mean 23% increase in type II fibre size in leg muscle, thereby restoring myofibre size equivalent to those found in adults about 35 years younger [43] . Furthermore, ingestion of essential amino acids or whole proteins following resistance exercise augmented the rate of muscle protein synthesis [44, 45] .
Multicomponent exercise programs that involve progressive resistance training and weight-bearing activities are recommended for both bone health and muscle health, and again may have benefits for a range of non-communicable disorders [46] [47] [48] . In a recent randomised controlled trial in Australia involving 162 men and women aged at least 60 years and at risk for falls or low BMD, a 12-month multimodal exercise intervention improved BMD, muscle strength, muscle power and balance [49] . In contrast to observed standard care self-management for the control group, the intervention group participated in high-velocity progressive resistance training and educational programs. Mean compliance to the exercise program was 59%, suggesting that the regimen was feasible, at least to some older individuals living in the community. In our study of pretirees, very few reported involvement in resistance-training, even though for many it was apparent they had the capacity to be physically active. Indeed, the benefits of resistance training may need to be more widely publicised.
Obesity is linked to both systemic inflammation and oxidative stress [50, 51] . A combination of sarcopenia and obesity, known as sarcopenic obesity and characterised by fat infiltration into muscle, markedly diminishes muscle strength and causes poorer outcomes in terms of health and wellbeing [5, 52] . A positive relationship is observed between body weight and BMD [53] and, while the mass of adipose tissue contributes to this relationship, there are also multiple endocrine and neural pathways that link fat and bone tissue [54] . In our study, we observed that high levels of adiposity were associated with low-rALM and low-BMD. Our multivariable models, which were adjusted for age, weight and height, indicated an inverse relationship between low-rALM and adiposity. This highlights the limitations of using BMI to identify sarcopenic obesity, as a given body weight-for-height will not provide insight into the relative proportions of fat and lean tissue [55] .
We acknowledge that our study has several strengths and limitations. A major strength is that our participants were drawn from the general population and were not selected on the basis of disease. Moreover, indices of body composition were objectively measured. We also acknowledge, however, that we relied on self-reported data for assessing health behaviours. We have not considered all factors and health behaviours that might influence musculoskeletal health, such as secondary osteoporosis, parental fracture, glucocorticoid intake, polyarthritis, nor the participants' dietary intakes of omega-3 fatty acids or vitamin D status. However, we have previously reported that nearly all (97%) female participants in the Geelong Osteoporosis Study have low mean omega-3 fatty acid intakes (<0.5 g/d) [56] and that vitamin D levels display marked seasonal variation such that 30% of women have serum 25-hydroxyvitamin D levels below 50 nmol/L during summer, rising to 43.2% during winter [57] , placing them below recommended levels [40] . Data on exercise frequency would have provided further insight into this project, as the minimum effective dose of exercise frequency for addressing fracture risk appears to vary between 2.1 and 2.5 sessions per week [58] . Our findings would likely have been different if different cut-points had been used for identifying deficits in rALM and BMD. Moreover, we have not included assessments of muscle strength or gait speed which are also important for defining sarcopenia [59] . Finally, as the majority of our sample was Caucasian (white), the findings may not be generalisable to other populations.
Early detection, when individuals are still able to implement targeted lifestyle interventions, is an important element in developing public health policies for delaying or preventing muscle and bone loss. As sedentary lifestyles, excessive adiposity and high alcohol use were associated with low muscle mass and/or low bone mass, we propose that these adverse factors could be potential targets among pretirees to minimise their risk of entering old age with poor musculoskeletal health.
